METHOD OF SORTING OUT DEFECT-FREE WORKPIECE 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method of sort- 
ing out defect-free workpieces blanked out of a metal 
sheet , and more particularly to a method of sorting out de- 
fect-free elements of a belt for use in a continuously 
variable transmission for automobiles. 
Description of the Related Art: 

Continuously variable transmissions for use on 
automobiles employ an endless belt comprising a plurality 
of elements, each blanked out of a metal sheet, stacked in 
their transverse direction into an annular form and put to- 
gether by endless rings. 

As shown in FIG. 1 of the accompanying drawings, 
each of such elements, denoted by 1, comprises a body 2 and 
a head 5 joined to the body 2 with recesses 3, 4 defined 
therebetween. The body 2 has a pair of slanted edges 6, 7 
on its lateral opposite sides which jointly provide a V- 
shaped surface for contacting a pulley of a continuously 
variable transmission. After the element 1 is blanked out 
of a metal sheet, the edges of the recesses 3, 4 and the 
slanted edges 6, 7 are ground by abrasive particles, and 
delivered by a belt conveyor or the like to a subsequent 
process where the element 1 is thermally treated. After a 
given number of elements 1 are thermally treated, they are 
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stacked in their transverse direction into an annular form. 
Endless rings 13, each comprising a plurality of stacked 
sheet-like metal rings 13, are inserted in the respective 
recesses 3, 4 to bundle the elements 1 into a belt 14 for 
use in a continuously variable transmission. 

When the element 1 is caught in a gap in the belt 
conveyor or thermally treated, the body 2 and the head 5 
may possibly be strained or twisted. If the element 1 is 
strained or twisted, then when a plurality of elements 1 
are stacked, the stacked elements 1 may become longer than 
a desired length or it may be difficult to insert the end- 
less rings 13 into the recesses 3, 4. 

When the element 1 is ground by abrasive particles 
or caught in a gap in the belt conveyor, the element 1 may 
possibly be damaged or partly broken off. 

For inspecting elements 1, it has heretofore been 
customary for the worker to visually observe the elements 1 
at the time the elements 1 are stacked. However, it is te- 
dious and time-consuming to visually inspect all the ele- 
ments 1 to be stacked. In addition, different inspection 
personnel have different standards for sorting out defect- 
free elements 1, and the manual inspection process may pos- 
sibly overlook damaged or broken regions of elements 1 . 
SUMMARY OF THE INVENTION 

It is\therefore an object of the present invention 
to provide a method of easily and reliably sorting out de- 
fect-free workpieces blanked out of a metal sheet, particu- 
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larly defect-free elements of a belt for use in a continu- 
ously variable transmission for. 

To achieve the above object, there is provided in 
accordance with the present invention a method of sorting 
out defect-free workpieces blanked out of a metal sheet, 
comprising the steps of inserting the workpieces into a 
passage having a predetermined width to sort out those 
workpieces which have passed through the passage, analyzing 
respective images of the workpieces which have passed 
through the passage to compare the images with a reference 
workpiece image, reject workpieces which have a portion 
different from the reference workpiece image, and sort out 
other workpieces, and applying a gage having a shape com- 
plementary to a required shape for a functional portion of 
the workpieces, to the workpieces which have been sorted 
out, and sorting out those workpieces whose functional por- 
tion has a shape complementary to the shape of the gage, as 
defect-free workpieces. 

More specifically, there is provided in accordance 
with the present invention a method of sorting out defect- 
free elements blanked out of a metal sheet, each having a 
body and a head joined to the body with a pair of recesses 
defined therebetween, the elements being stacked in a 
transverse direction thereof into an annular form and bun- 
dled together by an assembly of stacked endless metal rings 
inserted in the recesses into a belt for use in a continu- 
ously variable transmission, the method comprising the 
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steps of inserting the elements into a passage having a 
predetermined width to sort out and deliver those elements 
which have passed through the passage to a feed path, ana- 
lyzing respective images of the elements which have been 
delivered to the feed path while in the feed path to compa- 
re the images with a reference element image, reject ele- 
ments which have a portion different from the reference 
element image, and feed other elements, stacking and array- 
ing the fed elements in a transverse direction thereof 
downstream of the feed path, and passing the arrayed ele- 
ments through a gage having a shape complementary to a re- 
quired shape for the recesses of the elements, and sorting 
out those elements which have passed through the gage as 
defect-free elements. 

Defects of elements are mostly strains caused when 
the elements are fed to a subsequent process after they 
have been blanked out of a metal sheet and outer profile 
deformations such as twists of the body and head. Other 
defects include entrapped foreign matter such as abrasive 
particles used to grind the elements, and partial broken- 
off regions. Least frequent defects include outer profile 
deformations of the recesses such as protrusions projecting 
from the body and head into the recesses. 

According to the present invention, an element 
(workpiece) blanked out of a metal sheet is passed trans- 
versely into the passage having a predetermined width to 
inspect strains and twists. If the element suffers a 
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strain and/or a twist, then when a plurality of elements 
are stacked in their transverse direction, the element with 
a strain and/or a twist is spaced from adjacent elements by 
a large distance. The width of the passage is set to an 
allowable maximum value for the distance between adjacent 
elements. When an element whose strain and/or twist is 
greater than a certain reference size, the element inserted 
into the passage in a direction parallel to the transverse 
direction thereof cannot pass through the passage and is 
rejected. As a result, only those elements that can pass 
through the passage are sorted out and delivered to the 
feed path. 

While being delivered through the feed path, an 
element is imaged, and the image is analyzed. The image is 
compared with a reference element image, and if the element 
has a portion different from the reference element image, 
then the element is rejected from the feed path. The step 
of analyzing respective images of the elements may comprise 
the steps of converting the images of the elements into re- 
spective binary images each having a predetermined number 
of pixels in a unit area, comparing the binary images with 
the reference element image, rejecting workpieces which 
have a portion different from the reference element image, 
and feeding other elements. 

The portion different from the reference element 
image may be either entrapped foreign matter, an outer pro- 
file deformation, or a defect, for example. Entrapped for- 
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eign matter is determined by, for example, converting the 
image of the element into a binary image having a predeter- 
mined number of pixels in a unit area, comparing the binary 
image with the reference element image, and detecting a 
portion different from the reference element image. An 
outer profile deformation is determined by, for example, 
converting the image of the element into a binary image 
having a predetermined number of pixels in a unit area, 
calculating the position of the center of gravity from the 
number and positions of pixels of the image of the element, 
and comparing the calculated position of the center of 
gravity with the position of the center of gravity of a 
reference element. A defect is determined by, for example, 
converting the image of the element into a binary image 
having a predetermined number of pixels in a unit area, 
comparing the binary image with the reference element im- 
age, detecting a portion different from the reference ele- 
ment image, and counting the pixels of the defect to deter- 
mine whether the size of the defect falls in an allowable 
range or not . 

As a result, those elements which suffer entrapped 
foreign matter, an outer profile deformation, or a defect 
are rejected from the feed path, and other elements are 
discharged from the feed path, and stacked and arrayed in 
their transverse direction downstream of the feed path. 

The arrayed elements are then inserted in the 
transverse direction into gages which have a shape comple- 
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mentary to a desired shape for the recesses. Those ele- 
ments which have protrusions extending from the body and 
head into the recesses cannot pass through the gages and 
are detected as defective elements. Only those elements 
whose recesses have a shape complementary to the gages can 
pass through the gages, and are sorted out as defect-free 
elements . 

According to the present invention, since elements 
that have cleared all the inspecting steps described above 
are sorted out as defect-free elements, the elements can be 
sorted out easily and reliably. Furthermore, because ele- 
ments are inspected for defects successively from most to 
less frequent types, defect-free elements can be sorted out 
efficiently. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent from 
the following description when taken in conjunction with 
the accompanying drawings which illustrate a preferred em- 
bodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of an element as a workpiece 
to be sorted out by a method according to the present in- 
vention; 

FIG. 2 is a cross-sectional view of a passage that 
is used in the method according to the present invention; 

FIGS. 3(a) through 3(d) are plan views showing, by 
way of example, defective workpieces that are detected by 
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an image analysis in the method according to the present 
invention; 

FIGS. 4(a) and 4(b) are plan views showing, by way 
of example, other defective workpieces that are detected by 
an image analysis in the method according to the present 
invention; and 

FIG. 5 is a cross-sectional view of a recess in- 
specting device used in the method according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A method of sorting out defect-free workpieces ac- 
cording to the present invention is applicable to various 
workpieces blanked out of metal sheets. As shown in FIG. 
If one example of such workpieces is an element 1 of a belt 
for use in a continuously variable transmission for automo- 
biles. The element 1 comprises a body 2 and a head 5 
joined to the body 2 by a connector 2' that is defined by 
and disposed between recesses 3, 4. The body 2 has a pair 
of slanted edges 6, 7 on its lateral opposite sides which 
jointly provide a V-shaped surface for contacting a pulley 
of a continuously variable transmission. The head 5 also 
has a pair of slanted edges 8, 9 that are tapered toward 
its distal end. The head 5 has a dimple 10 positioned sub- 
stantially centrally on one surface thereof and projecting 
from the surface in the transverse direction thereof, and a 
hole 11 defined in the other surface thereof in alignment 
with the dimple 10. When a plurality of elements 1 are 
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stacked in their transverse direction, the dimples 10 of 
the elements 1 are fitted in the holes 11 in the adjacent 
elements 1 to position the elements 1 relatively to each 
other . 

After the element 1 is blanked out of a metal 
sheet, the edges of the recesses 3, 4 and the slanted edges 
6, 7 are ground by abrasive particles such as glass beads, 
and delivered by a belt conveyor or the like to a subse- 
quent process where the element 1 is thermally treated. 

After a given number of elements 1 are thermally 
treated, they are stacked in their transverse direction in- 
to an annular form. Endless rings 13, each comprising a 
plurality of stacked sheet-like rings 13, are inserted in 
the respective recesses 3, 4 to bundle the elements 1 into 
a belt 14 for use in a continuously variable transmission. 

If the elements 1 include a defective element or 
elements, they it may be difficult to insert the endless 
rings 13 into the recesses 3, 4. Therefore, before the 
elements 1 are stacked together, all of the elements 1 are 
inspected. 

According to the present invention, all of the 
elements 1 are inspected as follows: 

As shown in FIG. 2, the thermally treated element 
1 is inserted transversely into a passage 23 that is de- 
fined between gates 21, 22. The passage 23 has a width 
which is set to a maximum value allowable as a distance be- 
tween adjacent elements 1 when a plurality of elements 1 

- 9 - 



are stacked in their transverse direction, e.g., a width (t 
+ At) which is slightly greater than the thickness t of the 
element 1 . 

If an element 1 blanked out of a metal sheet is 
strained or twisted at its body 2 and head 5 when the ele- 
ment 1 is caught by a belt conveyor on its travel to a sub- 
sequent process or subsequently thermally treated, then the 
element 1 cannot enter the passage 23, or cannot pass 
through the passage 23 due to contact with the gates 21, 22 
even if the element 1 has entered the passage 23, as shown 
in FIG. 2. In FIG. 2, the element 1 is shown as twisted at 
the body and head 5 . 

If the element 1 that has entered the passage 23 
is contacted by the gates 21, 22 and stopped in the passage 
23, then upon elapse of a predetermined period time from 
after the element 1 has stuck, the gates 21, 22 are dis- 
placed away from each other, and a slit (not sown) is 
opened at the bottom of the passage 23. The stopped ele- 
ment 1 then drops from the passage 23 through the slit, and 
is rejected as a defective element. 

An element 1 which is neither strained nor twisted 
or strained or twisted within an allowable range passes 
through the passage 23, and is delivered to a feed path, 
not shown. The feed path is arranged to feed elements 1, 
lying flatwise, one by one, and is associated with a cam- 
era . 
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The camera captures an image of an element 1 which 
is being fed through the feed path, and a controller (not 
shown) converts the image captured by the camera into a 
digital binary image. The digital binary image has a pre- 
determined number of pixels within a unit area. Each of 
the pixels may have a given gradation. 

Then, the controller compares the digital binary 
image with a reference element image to detect any en- 
trapped foreign matter, outer profile deformations, and de- 
fects . 

An element 1 may possibly entrap abrasive parti- 
cles such as glass beads when it is ground. If the digital 
binary image of the element 1 includes a portion greater 
than the reference element image, then the controller de- 
termines that the element 1 has entrapped foreign matter 
such as an abrasive particle or particles. 

An element 1 may be broken off as indicated by the 
imaginary line B in FIG. 3(a) when it is blanked out of a 
metal sheet or gets caught by a belt conveyor on delivery 
to a subsequent process. An element 1 may be broken off at 
a side of the head 5 as shown in FIG. 3(a), at a side of 
the body 2 as shown in FIG. 3(b), at an upper end of the 
head 5 as shown in FIG. 3(c), or at a lower end of the body 
2 as shown in FIG. 3(d). Alternatively, an element 1 may 
be broken off simultaneously at these spots. 

The broken-off region B is judged as an outer pro- 
file deformation if the position of the center of gravity 
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that is calculated from the number and positions of the 
pixels of the digital binary image is not the same as the 
position of the center of gravity of a reference element. 

An element 1 may be damaged as indicated by a re- 
cess C in its surface in FIGS. 4(a) and 4(b) due to contact 
with foreign matter. In FIGS. 4(a) and 4(b), a portion of 
the element 1 is represented by a digital binary image P . 
The damage C is judged as a defect if the number of pixels 
included in the damage C in the image P is greater than a 
predetermined reference value . 

If an element 1 is determined as suffering en- 
trapped foreign matter, an outer profile deformation, or a 
defect in the feed path, then the element 1 is rejected as 
a defective element from the feed path. The feed path may 
be associated with one or more cameras. However, a plural- 
ity of cameras should preferably be used as they allow the 
outer surfaces of the element 1 to be accurately recognized 
by imaging the element 1 in different directions. 

Elements 1 that are not rejected from the feed 
path are discharged downstream of the feed path, and stack- 
ed and arrayed in their transverse direction each time a 
predetermined number of elements 1 for use in a belt 14 are 
produced. The arrayed elements 1 are then inserted in 
their transverse direction into a recess inspecting device 
25 shown in FIG. 5. The recess inspecting device 25 com- 
prises an inspection unit 27 mounted on a mount base 26. 
The inspection unit 27 has a through hole 28 for the inser- 
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tion therethrough of the bodies of the arrayed elements 1 
and a pair of gages 2 9 , 30 each having a shape complemen- 
tary to a desired shape of one of the recesses 3, 4. If an 
element 1 has protrusions extending from the body 2 and the 
head 5 into the recesses 3, 4, then such protrusions are 
contacted by the gages 2 9, 30 and hence the element 1 can- 
not pass through the inspection unit 27. 

As a result, only an element 1 which is free of 
such protrusions and whose recesses 3, 4 are shaped comple- 
mentarily to the gages 29, 30 can pass through the recess 
inspecting device 25. The element that has passed through 
the recess inspecting device 25 is finally sorted out as a 
defect-free element because it has passed through the pas- 
sage 2 3 and cleared the inspection based on an image analy- 
sis carried out in the feed path. 

If an element 1 that cannot pass through the re- 
cess inspecting device 25 is included in the elements 1 ar- 
rayed for use in a belt 14 and inspected by the recess in- 
specting device 25, then that element 1 is rejected and re- 
placed with an element 1 that has been judged as a defect- 
free element and supplied from a stock. Therefore, the ar- 
rayed elements 1 including the replacing element 1 can be 
used to manufacture a belt 14. 

Although a certain preferred embodiment of the 
present invention has been shown and described in detail, 
it should be understood that various changes and modifica- 
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tions may be made therein without departing from the scope 
of the appended claims. 
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